
 

 

Figure 1 Orr-Sommerfeld growth rate versus 
wavenumber and Reynolds number

-0.25

-0.2

-0.15

-0.1

-0.05

0

0 0.5 1 1.5 2
 α  α  α  α 

Ci 

133

200

267

533

Re = 15,392 8000

2667

1333

800



 

 

 
 

 
 
 

Figure 2 Orr-Sommerfeld frequency versus 
wavenumber and Reynolds number
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Figure 3 Spectral Element Mesh 
 



 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 4 Streamlines for Re = 267, 
steady forcing 



 

 

 
 
 
 
 
 
 
 
 

Figure 5 Streamlines at six equally 
spaced times for Re = 267, ηηηη = 0.4, f = 

6 Hz 



 

 

0

50

100

150

200

250

300

350

400

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

φ/πφ/πφ/πφ/π

Re

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

φ/πφ/πφ/πφ/π

f
F = 4.74 Hz
      5.53 Hz
      6.32 Hz
      7.11 Hz
      7.90 Hz
      9.48 Hz
    11.06 Hz 
Figure 6 Time dependent Reynolds 
number and Fanning friction factor 

versus phase angel for Re = 267, ηηηη = 
0.4. 
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Figure 7 Dimensionless pumping power 
versus forcing frequency 
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Figure 8 Spatial variation of local 
Nusselt number in one periodicity 

length of the passage at Re = 267 with 
steady and unsteady forcing 
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Figure 9 Log mean Nusselt number 
versus forcing frequency at Re = 133 

and 267 and ηηηη = 0, 0.2 and 0.4 


